A signal detection method to detect adverse drug reactions using a parametric time-to-event model in simulated cohort data.
Current quantitative signal detection methods have been primarily developed for the purpose of detecting signals from spontaneous reports. These methods are not always appropriate for cohort data. More recently, parametric time-to-event models have been proposed to model hazard functions with the ultimate aim of detecting adverse drug reactions (ADRs). The rate of occurrence of ADRs after starting a drug will depend upon the causal mechanism and therefore will often vary with time, in contrast to events not associated with the drug, which will tend to occur at a constant background rate. After starting treatment, the onset of ADRs will be rapid for some but delayed for others. A non-constant rate over time may indicate a drug-event relationship. The aim of this study was to propose a simple test to detect signals of ADRs in cohort data and to investigate the power of this test using simulated data. A signal detection tool using the proposed test to improve the power of detection is also described. In order to test for a non-constant hazard (rate of occurrence), the hazard function was estimated using the model shape parameter for the Weibull function. If the shape parameter was found to be significantly different (p < 0.05) from the value one (the value for a constant hazard) a signal was raised. Simulation of background event rates used were 1%, 5% and 10% of the cohort size. The ADR rate was varied in proportion to the background rate; a 10%, 20% and 50% increase in the background rate was explored. The time of occurrence of the ADR will dictate the shape of the hazard function, therefore the ability of the model to detect a signal depending when the highest risk for ADR was also explored. The power of the test was investigated by simulation. The Weibull Shape Parameter (WSP) test was most powerful at detecting signals that occur shortly after starting treatment. These preliminary simulations had low power when the underlying hazard function was symmetrical (e.g. when ADRs occurred in the middle of the study period). The power of the test was improved by censoring the data as this broke the symmetry of the hazard function. A tool that censored the data at regular intervals and repeated the WSP test was found to correctly detect ADR or no ADR around 90% of the time when the sample size was at least 5000. The WSP test is simple to implement using standard statistical software, and can be used to detect non-constant hazards over time in order to raise signals of time-dependent ADRs. When there is no pre-specified event of interest or the time of the ADR is uncertain, the WSP tool should be used instead of the WSP test. These methods do not require any external data for comparative purposes and thus can be implemented in a single cohort of participants exposed to a drug.